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Many educators believe that they should be able to

decide what they need and issue functional specifications for the
equipment they want to purchase. In order to maximize the cost
effectiveness of a given technology, it may be better to have a
constant interplay between people familiar with educational problens,
educational research, hardware technologies, and production and
development costs, so that it will be possible to make intelligent
trade~0ffs among various alternative approaches. Educational users
should also be represented on all appropriate industrial
standardization committees and should agree to specify that all
equipment they order must be in compliance with the standardization
recommendations of these committees, unless there 1s some urgent
educational reason for deviating. Government support of research
would help to encourage companies to develop products without the
necessity of having a guaranteed market against which they can write
off their development costs. (JY)
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” | Y have heard many educators express their digsatisfaction

, W1Lh the current educatlonal hardware that is being "foisted on

the schools by manufacturers whose only 1nterest is Lo make a
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o .fast buck." They state their belief that the only way to
Ef} straighten things out is to have educators de01de what they

really need and issue functional specificatlons for the equ1p~
ment they want to purchase. The purpose of this paper is to

* ~

examine this premise in more detail.

" ghere are two major problems relevant to the introduction

and acceptance of new forms of educational hardware. The first

' je: 1Is it appropriate for the educatiohal function intended?

This question breaks down into two important sub-parts: Does'it

perform a useful educational function? and; 1Is the cost

yeasonable for that functioh?
This requires that one consider 211 of the costs associated

with the utilization of that hardware ineluding: ‘The amortization

of the purchase pfice and installation cost, taking into account

any changes in the professional to student ratio, requirements

1 no-professional employees, maintenance costs,
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materials costs, ‘and .space costs. . - o -
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As to whether or rot it performs the éducational funétion |
should nost appropiaéely be answered on a cost effectivnesé
basis in WEich 6ne‘compéres the éducation effectivéhess of the-
system using this hardware with that of othe£ possible‘alternative

-

costing the same amount. In other words, could one pe;forﬁ that
"educational funcﬁiop as well or bettgr by hiring additioﬁal \
péople, using éther.t&pes of.equipment, or bf'some other ﬁech—_
nigque for the same dollérs? |
"f-The second major question relgvént to the introduction-of
_new hardﬁaré is the "Chicken ahd.Egg Probléﬁ." No one wiil'buy
.a plece of equipment'uﬁless there is g ;arée library of course
material to go with~it; and no Qﬁe'will invest in the development
of special softQare until the machiﬁe is in wide use.
Unfortunately, these two questions are not independent) the}
are inexorabiy related by-the fadt that the cos£ of a piece of
equipment éepands upon the éize of the prdduction run, both be-
cause of t%e direct economy of high production and beéaﬁée the
, engineering development costs must be distributed acfoss that
. production run. |
Thus, the probability of obtaining.a favorable anéwer to

the first question (cost effectiveness) depends critically wupon

e D Y
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'‘the solution to the second. . ' B

I think that the most productive way of analyzing the
efficacy of "educator developed specifications" is to see if

they would ameliorate either of these problenms.

The major conseguence of ‘these problems in the past has

been to ine us a 1ine of educational equipment 2lmost allﬁdf
"wﬁich was basically désigned to serve some other purpose: I
_thiﬁk the reasons for this are two fold. One,'closely‘related to
,.the question of thié paper, is-due to the fact that in-ﬁanj cases

-educakors become familiar with and intrigued by the possibilities

of equipment used for other purposes, for:éxample, television and
- - ‘audio tapé'récorders.- Televisién'was clearly éevelopéé primarily
-for the-hoﬁe eﬁterﬁainment’fiald, tapé ;ecorders“Wereinitiailyl

developea fér military purposes and‘thén put.inté production-form

for home entertainment. Having seen these devices in the home,

many educators had the imagination to sece applications for them in

education and either used them Without modification or asked

suppliers if they would supply units altered in some relatively
minor way.‘ The other reason, of course, is relatéd to the "Chicken

Tand'the Egg Problem" in that by simply making slight modifications

on equipment whose development cost had been written off in other

market areas, manufactures could introduce equipment at a much

[

lower cost than if they had begun from sCraﬁch}
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= " - The results'are, however, that very iitéle-of thisweqdiﬁmené

. really makes much éense if one asks thé first quesfion: Is it
appropriate;:does it perform the function‘Wel@ éﬁd'does it do it
lat’a'éost which makes.it'COﬁpetitive with fhe élﬁe;native ways of
achieving the same functioﬂ? The common error here is’that in
vefy few cases do people'éonsider the total.cost..'Fof.inééance,

X

with conventional audio-visual equipment (primarily modifications
of motion picture camera's and projectors that were designed for
the home entertainment £ield), most people pay attention ohly to the

‘ initiél cost.’ They do not compute the tremendous cost of inventory,

the cost of acquainting *teachers with these materials, the profes-

r=
1.

sjional time spent in'previewing;materials, or the maiﬁﬁenance costs,
all of whiéﬁ ére certainly real_operaﬁing costs in any educational
sysﬁem;}" l
One example of equiﬁment'that was séecifically desiéned for

educational use is the overheaa projectog.and I beligve that a
comprehensive analysis would show that its instructional cost
effectiveness does éomééte.very'successfully with the a;ternative
of a blackboard, particularly where teachers make extensive use of
-indust;ially prepared transparancies.

In writing specifications for hardware, it is only natural

for educators to fall into the trap of only specifying those
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thingslfhaﬁ fhey héve seen in uéé, theréﬁy.pgrpetuating ﬁﬁis use
. éf equipment designed fof sémething élsgi Few'e&ucatofs are reaily
. fémiliar.with‘the physical science researcﬁ éné deveidpmenﬁ programs
'wﬁich are continually extending the techniqﬁes thét could conceiv~
ably be.broughé to bear on the solution-of educational.prob}ems.
,few'educators are éven familiarx wiﬁh the educational researph which
tries to define optimum conditions fbr 1earni;g. “Again thé tendency
» 18 to simply perpetuate present teaching techniques or minqr'alter~
étions of them. Most educators have not had.the gxperience necessary
éo.éstiméte higﬁ-volumeléroductébn éosté of'equipmeﬂb ﬁéf are they
'sensitivé to the fact ﬁhat small differences in thé”degigﬁ and
| épecifiéatipns can'make majdr differences in development and
é%oduction costs. .
One can givé several,examples from the rapidly developing
art of computer aided inétruction} e;g., it was early evident
ﬁhat an interface in which one simply had a pictorial énd prinﬁed
display and a key board by which the student could respond, was not
adequate, particularly with very young children. 'It WaS necessary
to have some type of non~alphanumeric manipulative input for tﬁe
gﬁuéent. 'Oﬁe very attractive solution is to use a lighﬁ pen

(using a technoibgy developed for the military).
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It is technically possible for a student to draw figures, letters,

lines and so on upon a cathbde~ray tube and have the compﬁter

. costs about $600.00 in initial cost per student station and requires

reccive and analyze this information. Unless one digs more deeply,

it is not apparent that the ability to draw a line with a ligh£ pen

a much greater computer capacity than a - $60.00 altérnative'in which

‘the student uses the light pen to point to a fixed position on the

~ ~

screen and'thé compﬁter detects where he is point?ng. Tﬁere is a
very real question as to whether the ability to draﬁ a line is
worth ten times as much as the ability to point. Careful consider-
a£ion of this situation seems to indicate that in almost all
educational situations,'the ability to point 1is an‘extremely use-
ful function, but the additiénal'ability to draw a line is seldom
worth the cost. | ) |
Let me give a specific example of the use of alternative

approaches. One of the reasons some educators were so enthusi-

. astic about writing with a light pei: was so that children could

”

draw letters and have the computer check them for correctness.

"Although this is theoretically possible, it is both very.

difficult to define the tests that a computer must make to decide
whether a letter is "correct" and still more complicated to

have it indicate what was wrong, and, as has been pointed out, it
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'ié espensive to‘prq&ide this writing capability. ,Actually the
' educqtional pbjéctivé is not really tﬁ have a computer judge
vwheﬁher £he'ictter is correct or not;'ﬁut rathér to have the

child decide whethex it'is‘correct or not. In othér wqrds, it is
necessary'for the child to discriminate between a wiggle that
vsoéiety considers to be an adceptable "A" and a sdmewha£ similar
wiggle'that society will not generaliy'accepfﬁ This discrimination
can be elegantly'taught by diéplaying sets of relateé wiggles on
the screen andjasking the student to point to the best " ", o
'Expefiments have been conducted that show that this latter (and
~much cheaper) technique is'much more effecﬁive in teaching
children how to make letters than the former.

‘I agéin-Want to emphasize that I do.nqt tﬁink that it wéuld

"be obvious to most educatofs that these £wo, épparen£ly only
slightly different functions, (writing and pointing) would have
more than an order of magnitude difference in cost. Still other
examples from the same field can be given. For example, it'is
desirable to have a large number of pictorial displays available
at random in a very short access time from a larée store of

-bictures. careful analysis seems to indicate that the cost of

providing even quite a detailed black and white line drawings at
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a given access time from a given size store, will be an order

L [3

. .
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»

. of magnitude cheaper thanvproviding'grey tone drawings and

pérhaps still another magnitude cheapexr than color continuous
tone picturcs. The educational problem must be faced as to
what kind of educational situation is a colored grey tone or

picture significantly more functional than a line drawing. If

- e . -

.one we%e to look at the beautifﬁi line.araWings in’a mééical

,anétomy text, it ié apparent fhat thié ques#ion is A real dng.
' No one, to my_knoﬁledgej has yét worked on this préblem of :
pomparing the,éost effectivgnegs of domputer~producéd line
arawings on a cathade~réy tube with that of'éolor slides on é
cpmputer~§ontrolled projectér, where'again'total cost;’including

initial cost, maintenance, library and so on, are considered.
Even in the more traditional audio-visual fields there are

maﬁy questions that the educator has generally chosen to ignore.'

Fot example, the total cost'of an audio-visual system is dominated
#y the inventory cost and not by the ini?ial cost of the equipment:
If ohe looks at this, one finds, of éourse, that the inventory cost

of motion, either whether provided by video tape or motion pictures,

is at least an brder of magnitude, and probably two orders of

- -
»

magnitude, more expensive than storing an equivalent amount of

-
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course'material on slideg, film strips ox other still picture

»

‘techniques. Is this difference in one or two orders of

magnitude in cost reallf reflected in a difference in

educationél.effectivenésé?' Iﬁ csome cases such as the study
:'of'the life of primitive tribeé in Africa or in yiewiﬁg a

Shakespearcan drama, I am sure that motion is very desirable.

. Howeveyx, what few experimenés have.been done'}ndicaée that in
" very few trdaitioﬁal subject areas does motion appeér té have
any‘advantagé sigﬁificanp. ‘In fact, in man} céses it appeQrs
to be distrac?ipg. Ceréainly the'COSt of the preparation of
thé‘materials are also significantly different. In many cases,
if the aﬁount of money épent on a motion picture production had

been spent on é careful analysié of the e@uéational bbjectives
Vaﬁd the prodﬁction of a seriés of well prepaied slides, the
student learning would'haQe begﬁ iméroved.

In sumﬁar?, I aon't’think'that £he éoiution to the first

problem, cost effectiveness, is likely to te solved by educator

‘developed specifications. Rather it is very necessary that there

be a constant interplay between people familiar with educational
problems, educational research, hardware technologies and

production and development costs so that it will be possible to

-

make intelligent trade-cffs among various alternative approaches.-‘

~

&
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Phe second part of the‘analysis is to decide whether:.
‘educatoxr developed spécifications as;ist in the i'Chic:ken'.“arlw.él'
the Egg Problem.h I think an interesting example can be given
_,.here: Last -year oné of the foundations felt that there was a
.'reél negd for a low cost.érojeétor havinglcertain phafécteristics

~and estimated there would likely be a'magket for about 10, 000

-such urits. They approached a major auvdio-visual company and

asked them if'they could make a prdjeétor that would sell‘atAai
speéified.coét. The answer‘was, "At that number.of units,?yes.
. We can. Will.yQu guaranteé to reimbursé us for the uhrecovered
dé&élopment'costs if our markét does not reééh your estimate
}'Within a.twovyear~interval?" The answer that the foundation was
 forced to give was, "No, it éouid not guaranteé'thé development
costs." The compahy did not bréduce the -equipment.
As we look in moré.détail'at educator developed 5pecificétions,
it is immediately apparent ﬁhat they are likely to fall into two

-

distinct categories. One is where the educator wishes to conduct

research on learning and wants a particular type of envionment or
presentation. The second is where the educator is planning to
purchase the equipment for regular operation use in a school. The

economnic constraints on these two are clearly very different.

-~

For example, many researchers are able to specify the type of
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ékperiﬁental functibns they'would like to have. With our e

~ present technoloéies; the hardware supplier can supply almost any

' conceivabie.type,of,function_or environment 1if the“customer is
.- willing and able to.pay for itf In many reéearch §rojects, the
.'reéearcber is amply endowed by.Federal d?;foﬁndation iﬁpés.and
6raers it, and the hardware companies produce it. ;n soﬁe such
.cases it is not the large voiume mapufabtﬁrer‘that would rééponé, )

‘but in nearly all such'céses you would find at least a few

'f;peciality‘houses that would be willing to design and build .the

v

equipment.
For tﬁé-other type’ of requirementhqthe.6perational requiré— ;
ment, the size of the Qrder is Sgldom largé enough tq juétify the
expenditure'of‘any significant éﬁounﬁ of de&eldpment funds by the
'Supplier. O;,sbuttiﬁg it in anothe; way s the,development cos;s'
’amoftized over the numbér:of units reguested Would resul£ in a
higher unit cost than thé customef could justify. Tﬁe only vway
. in whiéh'educator specifiéationsvéeem to aégist_in thé "Chicken
énd the Egg Problem" is in the case where the customer is'large

enoﬁgh to control a sufficient number of units to really justify

the investment of significant development dollars. This could
conceivably occur if some of the major states purchas=d hardware

for all of the school systems within that state in a'single order.

11




- .

. BAYLOR UNIVERSITY -~ . Waco, Texas 76703

ABNER V. McCALYL ¢ President

I believe ;hother serious situation wouid'result if this”
.was a common pradEice.. If each of the major states came up-with
its own'sé£ of.specificatioﬂs and supplieis responded to these,
it is unlikely that there.would Ee anf standardizétion befween

the siatesf Equipment and materials developed in one state would

‘not be interchangable with that used in another, nor is it likely

~

‘,that there would be more than one supplier competing for second

round orders. The problem becomes. even more serious if one is

'vconcerned about driving the cost down to lLevels which can bé

attainedlby reaily mass production, i.e. if one is concerned

abéut actual unit productidn costs as céntraséed to simply £he
distridbution of‘develoémental costs. Here Ehe number df‘units
involved must be extremely'large in order to realize the économies
which are possibie through automatic production. Anothér impértant
féctor in the overall sitqétion'involves the maintenance of
competition. In the long run, a hardware system is likely to be
much lower in cost if there are several manufacturers supplying the
same type of function. fhis is closely rglated to the eééablishment
of sfandards so that tapes, fiims,and other types of software ”
programs developed for oﬁe manufacturer's machine will rdn on that

.0of another without modification.

This emphasizes that there are dangers inherent in not

12
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specifying what you need. There is at the present time very .

little incentive for manufactgreré'to'séandardize their products.
In fact, the major suppliers intentionally try to avbid standard-

'iZation so that there will be less likelihood of their encoun-

tering -competition on second round orders. I believe that the

only way this problem can be solved and the resulting'econémiés

" achieved is for the educational community to .issue specifications
r4in‘the following sense: Educational users should be represented
on all appropriate industrial standardization committees and

should agree to specify-that all equipnents they order must be in ?

compliance with the standardization recommendations of those

committees unless there is some urgent educational reason for

deviating.

That route also has its dangers in that it tends to stand-
ardize on existing techniques and, hence, discourages the intro-

duction of new and different types of hardware. In order to really

- solve the "Chicken and the Egg Propiem", i believe that it is

~essential that the Federal governmenf or major states brévide
devélopﬁent support directly to manufacturers of both equipment
and software in 6rder to encourage these companies to develop
and introduce new products without the necessity of having a

guaranteed market against which they can write off their

development costs. This is certainly not a new concept. It has

’

13
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been applied to the construction of railroads, the subsidi?ation

of air mail, the research and development of sea water "desalination

‘and pollution éontrol,to sa? nothing of defense or space. If this
techntie has beeh successful in bringing new products to these
other areas éf social need, why should nqt the same teéhnique be
abpliea to edﬁcation? Many people react negatively to £his concept
'Uih thét ﬁhey feel.that it wéuld give the company, who has recei&ed’
.the development funds, an unfair competition. This méy be‘the case
for a shorﬁ'time;‘but if'there is a requirement that the develop-
nments be:licenéed to other companies'at»a réasonable‘fee, and if
all cémpaﬁies have aﬁ equal chanée to apély‘for such development
funds, it seems to me that there haé been a competitive éituation
'established. |
In order to obtain the sociél benefits resulting from .the
. éducétional utilizatién of the latest technologies, such support
programs should not'be limited to competitive bids against specific

specifications but should also provide companies that have invested

much of their own funds on research the opportunity to present

is not discrimination or favoritism if all companies have this same

opportunity.
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The fundamentalpquestion should not be whethet it gives a
' company & momentary advantaée but.ratner whether it is advanta-
.geous to'sooiety that such a product be developed and.made avail-"
.able. Certainly, particular railfoad comnpanies wene given
compctltive advantagos in certain areas as were particular air
;lines, but the fundamental question was asked, "Is it of beneflt ‘
to the sooiety to have these geographical regions'accessible?"
, The benefits to'society are obvious.' |
I beiieve that another consequenoe of providing development

'support W1ll Ye similar to that existing in -other technical areas.,

If companies knew that there were major governmental development

funds available to support imaginitive and unsolicited programs

relating to education,’they would very quickly within their own

houses assemble /°ry impressive teams of educators, psychologists

and hardware specialists that could continuously interact in the
evaluation of various techniques, so as to supply an enswer to.the
first question, "ts the function appropriate?” This would be
partlcularly true if the rev1eW1ng agenc1es in dec1d1ng which
proposals to support made their ‘selection primarily on the bas1s
‘of "does the investigation proposed likely lead to an attractive

cost effectiveness solution?"




